This paper reviews some of the literature concerning penicillin and other antibiotics in the treatment of early syphilis, i.e. sero-negative primary syphilis, sero-positive primary syphilis, secondary syphilis, and early latent syphilis in the first year of infection (although in the U.S.A. the first four years are taken). The laboratory aspects, including the reorientation of ideas which has been made necessary by the advent of the Treponema Pallidum Immobilization test (TPI) and newer tests such as the Fluorescent Treponemal Antibody (FTA), have been reviewed separately by Nielsen (1961) .
Pre-penicillin Experience Before the discovery of penicillin, reliance had had to be placed on arsenic and bismuth therapy given over periods of approximately one year. The reported results for those patients who completed their treatment (see, for example, Burckhardt, 1949; Degos, Vissian, and Basset, 1950; Thompson and Smith, 1950; Arutyunov and Gurvich, 1958) in large series of cases were good and cure rates exceeding 90 per cent. were reported.
For example, Degos and others (1950) presented 1,340 cases of early syphilis treated in France and observed for an average of 11 years; only nine real failures were admitted, and four of these were probably reinfections.
One of the two great disadvantages of metallotherapy was that, because of the relatively weak treponemicidal powers of the drugs employed, prolonged treatment involving many injections was required, and default from treatment, and therefore absence of cure in those who defaulted, was very common. Indeed, a minimum curative dose might be received by only one quarter of the patients (Chope and Malcolm, 1948) . The other disadvantage was the risk of serious toxic effects, which not only curtailed treatment in affected patients but, by 109 reputation, encouraged other patients to default. At this time, therefore, case-holding, at least until the patient had received adequate therapy, was a very important aspect of venereal disease control.
During the second world war attempts were made to avoid the problem of default and some of the extra disadvantages of prolonged treatment under war-time conditions by using intensive schedules with arsenic and bismuth employing arsenoxide (or other pentavalent arsenical preparations-Beerman and Wammock, 1947) over short periods of 5 days by intravenous drip (Heller, 1946) or by repeated injections over 3 weeks (Pillsbury and Loveman, 1947) , over 12 weeks (Weiner, 1947) , over 26 weeks (Sternberg and Leifer, 1947a, b) , and for even longer periods (Dexter, 1947) . In general, the shorter the treatment period the lower the default rate, but the shorter the course the greater the risk of toxicity. Even the 20-day course, with which Pillsbury and Loveman (1947) had no fatality in 4,000 patients treated, was considered too toxic. For example, Cormia and Blauner (1947) noted that, although 95 per cent. of 500 patients (with few interruptions) completed a 20-day regime, there were two cases of arsenical encephalitis, fourteen of cerebral irritation, three of agranulocytosis, and six of jaundice.
The toxic effects of arsenic, not exerted by penicillin, and the relatively low spirochaeticidal activity of arsenic and bismuth preparations compared with the new and more potent penicillin, led to the gradual rejection of metallo-therapy. The most serious manifestations of toxicity due to arsenic were dermatitis (Moore, 1943; Stokes, Beerman, and Ingraham, 1944; Eagle and Magnuson, 1946; Pirila, 1949) ; encephalopathy (Prebble, 1946; Parnitzke and Dohner, 1950) ; and agranulocytosis (Schoog, 1949) . Other severe reactions were sometimes caused by Milian's ninth-day erythema (Neering, 1948; Reymann, 1948) . Moreover, with the use of intravenous injections, syringe-transmitted jaundice became a considerable problem (Salaman, King, Williams, and Nicol, 1944; Laird, 1946; Willcox, 1947; Morton, 1948) . Although deaths from metallo-therapy might occur only occasionally in some large series of several thousands of patients, individual experiences were often distressing. Pirila (1949) , in Finland, for example, reported eleven deaths in 385 patients treated over a period of 25 years-all these patients died from dermatitis, but four had liver damage and four had encephalopathy in addition.
Early Experiences with Penicillin Mahoney and others (1943a) showed that penicillin was effective against syphilis both in experimental infection in the rabbit and also in man. This announcement was followed by an intensive cooperative study of the effects of penicillin in experimental syphilis in the rabbit (Moore, 1947) carried out in several laboratories in the U.S.A. In that country the work of Eagle, Mahoney, Chesney, Carpenter, Rake, Fleming, Magnuson, Rosahn, and Turner, and in Europe that of Ovchinnikov, Viaseleva, Levaditi, Vaisman, Bessemanns, Derom, and others, quickly enlarged the knowledge of the capabilities and limitation of the antibiotic (see Ovchinnikov, 1955) .
Throughout, in the treatment of syphilis, penicillin has been given by injection. Oral therapy has too many disadvantages in comparison with parenteral treatment, although it is in fact possible to cure syphilis by this means, as also indeed by the use of penicillin rectal suppositories (Agneta and Molina, 1955) .
Amorphous Penicillin
With low doses of 600,000 units and less, failure rates were shown to be high (Maillard and Orzel, 1946; Bauer, Bundesen, Craig, Schwemlein, and Barton, 1947 , although very small doses would sometimes cure (Bellone, 1947) . Reasonably good results were obtained with schedules of 2 4 mega units of aqueous solution given in sixty 3-hourly injections over 71 days; the failure rates after one year varied between 6 and 17 per cent. depending upon the stage of the disease (Sternberg and Leifer, 1947; Arnold, Mahoney, Cutler, and Levitan, 1947b; Arnold, Boak, Carpenter, Chesney, Fleming, Gueft, Mahoney, and Rosahn, 1947a , although later assessments (see Moore, 1948) (Perdrup and Heilesen, 1956) .
As soon as it became available, penicillin was soon in use for the treatment of syphilis throughout the world: e.g. in Great Britain (McElligott, 1948) ; in the U.S.S.R. (Arutyunov, Gurvich, and Ilina, 1948) ; in Germany (Hasselmann, 1949) ; and elsewhere. In the U.S.A. valuable data were quickly assembled by co-operative group studies involving 43 clinics and TREATMENT OF EARLY VENEREAL SYPHILIS WITH ANTIBIOTICS six laboratories, and these studies were later taken over by the United States Public Health Service (Moore, 1947 (e.g. by Carpenter, Boak, and Jacobs. 1946; Olansky and Putnam, 1946; Arnold and others, 1947a; and Turner, Cumberland, and Li, 1947) had shown that penicillin G was approximately ten times more effective than penicillin K in rabbit syphilis. Moreover, it was demonstrated that, in striving for a greater purity in unitage per milligramme, commercial penicillins had been containing progressively more and more of the K fraction.
Pure crystalline penicillin G soon became commercially available and in a dosage of 2-4 to 4-8 mega units given in multiple injections every 2 to 4 hours for 7j days or more, failure rates of 13 to 17 per cent. at 1 1 to 15 months were again recorded (Rider, 1949; Schwemlein, Plotke, and Rodriquez, 1950; Plotke, Rodriquez, and Schwemlein, 1951; Shafer and others, 1954) (Table I) . Belenkii (1959) has presented 155 cases of early syphilis treated with 3,400,000 units penicillin in 2 to 3-hourly doses of 40,000 units. Unsuccessful results were noted in only 13 5 per cent., including two suspected re-infections, despite rigid tests of cure which included histological examination of the lymph nodes. (Romansky and Rein, 1946) ; Thomas, Landy and Cooper, 1947); Chargin, Sobel, Rein, and Rosenthal, 1949; Bowden and Holmes, 1950; Lebioda, 1951) , and success rates of 80 to 85 per cent. were achieved (Thomas, 1947 (Thomas, , 1948a . By such means, nearly all patients could now achieve a curative dose (Hayman, 1947; Aitken, 1947) , instead of only about onequarter as with arsenic and bismuth (Chope and Malcolm, 1948) .
The principal disadvantage of penicillin in oilbeeswax was that it was of the consistency of soft butter and was therefore difficult to inject.
Procaine Penicillin
In Aqueous Suspension.-The discovery by Buckwalter and Dickison (1948) Soetopo, Wasito, Soedarsono, and Tjokrodipo, 1956; Hume and Facio, 1956, for yaws: and Rein, Kitchen, Marquez, and Varela, 1952, for pinta: see also Guthe and Willcox, 1954) .
By increasing the dose of PAM, the duration of the effective serum concentration (arbitrarily taken at 0 03 units/ml.) of penicillin can be prolonged, although the law of diminishing returns prevails insofar as an increase in the dose does not result in a proportionate prolongation of the effect. However, after an injection of 2-4 mega units, effective levels may be maintained for 8 to 10 days, and even 1-2 mega units may provide an effective level for more than one week (Table II) . Thomas (1948b) ; Thomas, Rein, and Kitchen (1949) ; Thomas, Rein, Landy, and Kitchen (1950, 1951); Taggart, Hendricks, Chandler, Welch, Harley, and Olansky (1949) ; Wright, Nicholson, and Arnold (1950) ; Alexander, Schoch, and Mantooth (1950) ; Rodriquez, Schwemlein, and Plotke (1951); Parkhurst, Weinstein, and Rodriquez (1952) ; Jones and Heyman (1952) Krag, and Cutler (1954) (Table III) . Consolidated data have suggested that "single-shot" techniques give a failure rate in secondary syphilis of only 10 per cent. at 15 months (Bauer, Usilton, and Price, 1950; Aufranc and Price, 1951) and of 14 -2 per cent. at 21 months (Smith, O'Brien, Simpson, Harb, and Shafer, 1954) .
A minimum of 1 * 2 mega units has been recommended for primary syphilis and at least 2-4 mega units for secondary syphilis (Landy, Rein, and Thomas, 1956) . Results are good even 4 to 8 years after treatment (Landy, Rein, Thomas, and Kelcec, 1957 (Grin, 1953; Hackett and Guthe, 1956; Zahra, 1956 , 1953) recommended that PAM should be used in the treatment of syphilis, a minimum dose of 2-4 mega units in primary syphilis and of 4 8 mega units in secondary syphilis. A number of schedules were suggested (Table IV) whereby the dosage could be spread over periods of from 1 to 17 days. It was also recommended that half the total dose (e.g. 1 2 mega units for primary and 2 4 for secondary syphilis) should be given at the first visit, so that should the patient default he would already have received the minimum curative, so-called epidemiological, dose. The United States Public Health Service recommend that, when PAM is used, 4 8 mega units should be given, usually as 2 -4 mega units at the first injection with two subsequent injections each of 1 2 mega units 3 days apart for primary, secondary, and latent syphilis (U.S.P.H.S., 1960).
These "single-shot" techniques are best suited to the treatment of the masses, when the prime concern is to reduce infection in the population as a whole (Willcox, 1950a, b) . In hospital practice many clinicians prefer multiple injection techniques, for which many variants of PAM are available to suit individual circumstances (Table IV) 
Benzathine Penicillin
An even further prolongation of effective penicillinaemia, exceeding 0-03 units/mi. for 3 weeks and more, can be obtained with dibenzylethylenediamine penicillin (DBED; "Bicillin", "Penidural"; Bicillin I in the U.S.S.R.). If single injections are to be used, this is considered by many to be the preparation of choice. In the U.S.A., single injections of 2 4 mega units (1 2 mega units into each buttock) are recommended for both primary and secondary syphilis, although two such injections one week apart are suggested in latent cases (U.S.P.H.S., 1960). After 4 8 mega units of Soviet bicillin, therapeutic levels may be maintained for 15 to 30 days (Matveev, Khaimovsky, Levinstein, and Abdullaer, 1959) .
Single injections of 2 4 to 2 5 mega units (Shafer and Smith, 1954; Smith and others, 1954; O'Brien and Smith, 1952; Smith, Kamp, Olansky, and Price, 1956 ) have shown that in secondary syphilis the retreatment rate at 2 years (5 5 per cent.) was comparable with the 7 7 per cent. obtained with twice the single dose (i.e. 4 8 mega units) of PAM, and substantially better than the 14 2 per cent. at 21 months with the same dose (i.e. 2 4 mega units) ( Table V) . See also Castro and Bonatti (1957) , Batunin, Kagan, Mikhailov, Nosyreva, and Khizkin (1959) , Lesinska (1961) , and Lebioda and Winiarski (1961) . Benzathine penicillin (Bicillin I) has been widely used in Soviet co-operative studies. Altogether 9,410 injections have been given to 1,713 patients in the co-operating clinics (Rozentul, Vasilev, Egorow, Maslov, Khamaganova, and Rakhmanova, 1961) . The short-term results are "fully satisfactory" (Batunin and others, 1959) .
One disadvantage of benzathine penicillin is that it causes some local pain. This may occur in approximately half the patients, compared with less than 5 per cent. of those treated with procaine penicillin (Krugman and Ebin, 1958; Gallego, 1956 ). This objection also applies to Soviet bicillin (Matveev and others, 1959; Batunin and others, 1959) . Pain can be reduced, however, by mixing the benzathine penicillin with procaine penicillin (Krugman and Ebin, 1958) . On the other hand, the risks of allergic reactions to penicillin are reduced when singleinjection techniques are used (Smith and others, 1956 ). In the U.S.S.R., Bicillin III (containing benzyl penicillin, procaine penicillin, and benzathine penicillin) has been used on a co-operative basis by multiple injections and has been shown to be better tolerated than benzathine penicillin (Bicillin I) alone (Rozentul and others, 1961) . This is equivalent to the British and American so-called "all-purpose" penicillins. Mixed Treatment
When penicillin was first introduced, there was a reluctance in many countries to accept the new antibiotic as the sole curative agent in the treatment of syphilis and to reject immediately and completely the old, well-tried methods. This was particularly true in Europe, where a compromise was attempted, using penicillin and one course of the older arsenic and bismuth therapy, or a shortened course with arsenoxide. In Great Britain these combinations were used in many clinics (Harrison, 1945; Eames and Archer, 1947; McElligott, Jefferiss, and Willcox, 1948; Eames and Miller, 1949) ; in France penicillin, arsenic, and bismuth were tried by Marin, Boulais, Lambert, Foisy, and Leclerc (1949) , and penicillin, mercury, and bismuth by des Roseaux (1949) ; in Poland (Rosner, 1950; Ryll Nardzewski, 1950; Pietrowska, 1956; Sokolowski, 1950) ; in Scandinavia (Danbolt and Berdal, 1950) ; in the U.S.S.R. (Smelov, 1957) . Such regimes were also followed in parts of the U.S.A. (Alexander and others, 1950; Chargin, Sobel, and Rosenthal, 1951) ; in South Africa (O'Malley, 1950) ; in Asia (Lozano, 1950) . In France the use of penicillin has been preceded by intravenous injections of mercury cyanide (Bolgert and Levy, 1957a, b) , and in the U.S.S.R. penicillin has been used in conjunction with fever therapy (Khokhutin, 1956 ). Iodine has also been used in conjunction with penicillin (Loza, 1950; Kapugcifiski, 1950) .
However, with mixed treatment the risk of toxic reactions, particularly from arsenic, remained. Heller, Bowman, and Price (1948) (Edmunds, 1954; Fazekas and Dosa, 1954; Hofer and Heilmann, 1953) . Arsenic was then gradually discarded (Gurevich, Kamenetski, and Litvak, 1958) but penicillin and bismuth continued to be used. For example, in Great Britain (Jefferiss, Willcox, and McElligott, 1951) , in parts of the U.S.A. (Pardo and Pardo Castello, 1952; Pardo, 1956) , in Belgium (Alechinsky, 1949) , in France (Huriez, 1956) , in India (Gault, 1955) , in Germany (Schmidt-La Baume and Thelen, 1953) , in Hungary (Helmeczi, Maramarosi, and Fekete, 1955) , in Poland (Capin'ski, 1961; Pawlas and Golebiowska, 1950; Towpik, 1950; Walter, Capin'ski, Lejman, and Lebioda, 1950) , in the U.S.S.R. (Gurevich and others, 1958) , and elsewhere (Carrera, 1955b) . In the U.S.S.R., Ovchinnikov and Kuchinskaya (1948) reported that the admixture of penicillin and bismuth before injection had a retarding effect on the absorption of penicillin.
Combined treatments were encouraged by reports of synergism between penicillin and arsenic and bismuth, with and without fever, in experimental syphilis (Magnuson and Rosenau, 1948; Levaditi and Vaisman, 1950) , and some authors (Leavitt, 1947; Jones, 1951; Towpik, 1956; Czernielewski and Olszewska, 1961) reported slightly better results with combined treatment than with penicillin alone, although it is likely this apparent superiority was due to the longer treatment period and suppression of re-infection rather than to a lower incidence of relapse. Statistically-controlled surveys have shown no advantages in adding other drugs to penicillin (Heller and others, 1948;  Thomas and Gleeson, 1953; Shafer and others, 1954; Tempski and Olszewska, 1954; Pietrowska, 1956; McElligott and Willcox, 1957) (Tables VI, VII, (Willcox, 1954a (Carrera, 1955a (Magnuson, 1952) , exposure for a longer time is required to kill it. The multiplication time of T. pallidum in vivo is calculated at 30 to 33 hours (Magnuson and others, 1948; Cumberland and Turner, 1949) , but, to allow a safety margin, penicillin-free intervals should not be permitted for more than 24 hours during therapy.
The height of the serum penicillin level over an arbitrary minimum (usually taken at 0 03 units/ml.) is not important (Eagle, 1948) but its duration is. Although the duration of the penicillinaemia is related to dosage of the same preparation, widely differing durations are obtained dose-for-dose, varying from a few hours with aqueous crystalline penicillin to weeks with benzathine penicillin; it is nonsensical, therfore, to regard the treatment of syphilis as "so many units of penicillin" without reference to the particular preparation employed.
The earlier the infection the smaller the time/dose combination required. With sero-negative primary syphilis only 300,000 units of PAM (giving an effective level for 72 to 96 hours) will cure over 90 per cent. of cases (Ids0e and others, 1954; Walker and Utterback, 1949) , and a deliberate exposure for 4 to 7 days has been considered sufficient for this early stage. But minimal doses which will cure seronegative early syphilis are less effective in seropositive primary and especially secondary syphilis, in which higher failure rates are observed when schedules with a narrow safety margin are used (Cutler and others, 1955; Tempski and Olszewska, 1954; Prochacki, Smolska, Dobosiewicz, Hawryluk, and Tarchalska, 1961; Lejman, Bittner, Korturkowa, and Logdaszewska-Czabanowska, 1961) (Table XI) . From the practical standpoint it is best to gear the treatment of all cases of early syphilis to that required for secondary syphilis, although, when cost of the drug is a major consideration, a reduced amount of penicillin in primary syphilis is sometimes permissible.
The required time/dose aggregate of penicillin in early syphilis thus depends on the duration of the disease and therefore also on the number of spirochaetes in the body. If small doses will cure overt primary syphilis, even less should be needed in the incubation period. The use of small doses of PAM (Willcox, 1961 ) is very successful in curing unrecognized pre-primary syphilis in patients suffering from gonorrhoea. If small doses of penicillin will completely abort incubating syphilis in patients who are unfortunate enough to contract gonorrhoea, it will do so equally well in contacts without gonorrhoea if seen equally soon after exposure.
Relapses and Re-infections Isolated cases of tertiary lesions following the penicillin treatment of syphilis (Degos, Garnier, and Delzant, 1958) (Downing, 1950; Peabody and Webster, 1949; Sackett and Boggs, 1949) . Persistent serological abnormalities are frequently associated with neurological involvement (Prochacki, 1953) . The Nelson test has required some reappraisal of the serological cure of syphilis. Lesinska (1961) found that the reaction became negative within 6-18 months in about two-thirds of patients with early syphilis, more commonly in primary syphilis, but that constant positive results should not be regarded as due to treatment failure (see also Nielsen, 1961 It is frequently very difficult to distinguish relapse from re-infection (Schamberg and Steiger, 1948; Schamberg, 1950) , and a patient rapidly cured of syphilis with penicillin can also rapidly be re-infected. Careful consideration of many of the so-called early relapses following penicillin therapy has indicated that many, indeed up to one-half and more of so-called failures, are in fact re-infections (Thomas and Landy, 1950; Schoch and Alexander, 1949; Rajam, Krishnamurthi, and Rangiah, 1955) , many of which are of the "ping-pong" type between regular partners. If this is so, a lower re-treatment rate would be expected when the treatment time with penicillin is prolonged (such has been shown to be the case-see Table VI) , and also when syphilis is less common and the patient is less able to become re-infected in spite of additional sexual adventures. Certainly clinicians have been much less worried by so-called penicillin failures as the incidence of early syphilis has declined. The long-term results of penicillin in early syphilis are very good. Capin'ski (1961), Towpik (1961) , and Perdrup (1960) have observed significant numbers of patients for 10 years or more. In Towpik's series (Table VIII) there was little change in re-treatment rates between 2 and 5 years.
The pessimists who foretold that there would be a spate of late complications after penicillin therapy can find little to justify their fears. Indeed, the expected rise in late cases consequent upon cases missed during the war years has not materialized, and in many countries late syphilis apparently pursues a downward trend.
Treatment of Contacts In the management of venereal syphilis the treatment of contacts who have no signs of infection is still a controversial matter, and divergent views have been expressed (Willcox, 1954b; King, 1954; also Durel and Hardy, 1957; . If the sexual partner is no longer having or likely to have sexual relations with the original syphilitic patient, and if he or she could be observed clinically and serologically for 3 months, that would in theory end the matter as far as the contact is concerned. On the other hand, if the sexual union is renewed, there is a danger of "ping-pong" re-infection (Schamberg and Steiger, 1948; Prebble, 1957) , and for this reason and also because venereal disease patients are notoriously prone not to follow the prescribed schedules of observation laid down for them, some clinicians prefer to treat the contacts of cases of infectious syphilis in the absence of the signs of disease just as if syphilis were known to be present, and to prescribe the same period of post-treatment observation. Deliberate treatment of contacts in the incubation period has certainly been shown to prevent the development of syphilis Alexander, Schoch, and Mantooth, 1949; Plotke, Eisenberg, Baker, and Laughlin, 1949 (Willcox and Guthe, 1957) .
In the management of endemic syphilis and the other treponematoses, it has been made abundantly clear (Grin, 1953) that the simultaneous treatment of asymptomatic contacts to destroy the disease in the incubation stage and in latent cases when serum tests or individual follow-up are impracticable, is absolutely essential to the success of a mass campaign (Hackett and Guthe, 1956; Samame, 1956; Zahra, 1956; Soetopo and others, 1956; Murray and others, 1956 ).
Reactions to Penicillin Reactions to penicillin may be classified as (a) toxic, (b) microbiogenic, and (c) allergic (Guthe, Idsoe, and .
(a) Toxic Reactions.-Penicillin is a remarkably non-toxic drug: the toxic dose is still many times greater than the therapeutic dose (Moore, 1947) . Toxic reactions have been reported in 0 -15 per cent. and less of cases (Askarov, 1959) .
(b) Microbiogenic Effects.-These include therapeutic shock (Jarisch-Herxheimer reaction), and changes in the sensitivity of the treponeme. There are, however, no signs to date of a lessening in the sensitivity to penicillin of T. pallidumn (Turner and Hollander, 1957) , which remains an exquisitely sensitive organism. The most important microbiogenic effect in early syphilis is the Herxheimer reaction which is represented by fever and is more intense in secondary and sero-positive primary syphilis (Owsifiska and Wasilewska, 1959; Farmer, 1948; Putkonen and Rehtijarvi, 1950; Sheldon and Heyman, 1949; Sheldon, Heyman, and Evans, 1951; Heyman, Sheldon, and Evans, 1952) .
Although the evidence is not conclusive (de Graciansky, Voisin, Grupper, and Landrieux, 1951) , there is some suggestion that corticosteroids may diminish or reduce the Herxheimer effect of penicillin in early syphilis (Depaoli, 1956) , and cortisone has been used to prevent the Herxheimer reaction without prejudice to the outcome of treatment with penicillin (de Graciansky and Grupper, 1959) . Cortisone does not, however, affect the temperature (Owsiniska and Wasilewska, 1959) . The Herxheimer reaction is seldom serious in early syphilis, but occasional fatalities have been reported (CzarnotaBojarska, 1953) .
(c) Allergic Reactions.-The enormous literature on this subject cannot be reviewed in this paper. The common reactions have been urticaria or serum sickness-like reactions, usually mild and well controlled with antihistamines. Thus Thomas, Landy, and Cooper (1948) reported no serious reactions in over 10,000 patients treated with penicillin, and treatment had to be stopped in only two of 802 cases of syphilis treated with penicillin in oil-beeswax on account of severe urticaria. Such reactions have continued to occur sporadically.
Only two deaths from penicillin occurred in the first 9 years of its use (Kern and Wimberley, 1953) . Severe cases of anaphylaxis first appeared in 1952 (Kern and Wimberley, 1953 Hussar and Holley, 1954; Babione, 1956 ), and by 1957 over 1,000 fatalities from penicillin had occurred in the U.S.A. (Peters, Henderson, and Prickman, 1957) , and they had begun to represent a legal hazard to the practitioner (Rosenthal, 1958) and might be an obstacle to the successful enforcement of a venereal disease eradication programme (Idsoe and Wang, 1958) . ln venereal diseases clinics fatalities have fortunately been very uncommon (Smith, Cutler, and PRice, 1955; Morton, 1957; Willcox and Fryers, 1957; Biown, 1960) , and the W.H.O. surveys have shown them to be very rare in relation to the enormous amounts of penicillin used, although allergic reactions of some kind may be noted in 1 per cent. of cases according to Askarov (1959) and in 15 per cent. of otherwise allergic cases (Kamdar, 1959 ).
An increasing awareness of the danger has been followed by a fall in these fatality rates (Welch, Lewis, Kerlan, and Putnam 1953; Welch, Lewis, Weinstein, and Boeckman, 1958) . The use of penicillin has been avoided in those known or thought likely to be allergic to it (i.e. in those with a past history of upset to penicillin or of asthma) and an emergency kit containing adrenaline hydrochloride and other drugs has been available in many clinics. In the U.S.A. it is the practice to keep the patients waiting in the clinic for 30 minutes after an injection of penicillin (Brown, 1960) .
Even for patients to whom it is considered unwise to administer penicillin, there are now antibiotics available which are considered more potent (and safer) than the older arsenical and bismuth drugs.
Antibiotics Other than Penicillin
Other antibiotics need to be held in reserve for patients who are known or considered likely to be sensitive to penicillin. Penicillin is undoubtedly superior, but chlortetracycline, chloramphenicol, oxytetracycline, and also tetracycline are effective, as are carbomycin (Magnamycin) and erythromycin (Montgomery and Knox, 1959a; Buckinger, Hookings, and Garson, 1955) . T. pallidum is reported to be more sensitive to erythromycin and carbomycin than to other antibiotics except penicillin (Thomas, 1959) , but because the tetracyclines have been available longer, there is a greater experience with their use, and also to a lesser extent with that of chloramphenicol (King, 1959; Olansky and Garson, 1958) . Streptomycin is only weakly active (Willcox, 1950a) .
The Tetracyclines
Although not so powerful in rabbit syphilis as penicillin (Wiggall, Zheutlin, Trice, Elmendorf, and Robinson, 1949) , chlortetracycline is effective in the human disease (O'Leary, Kierland, and Herrell, 1948; Irgang and Alexander, 1948; Rodriquez, Plotke, Weinstein, and Harris, 1949; Olansky, Hogan, Taggart, Landman, and Robin, 1950; Taggart, Romansky, and Landman, 1952 , and, with an appropriate dosage, results comparable with those obtained with PAM have been claimed in large series of cases (Taggart and others, 1952) .
Similarly effective results have been obtained with oxytetracycline (Hendricks, Greaves, Olansky, Taggart, Lewis, Landman, Macdonald, and Welch, 1950; Robinson, R. C. V., 1952; Robinson, H. M., 1955) , and tetracycline is also apparently effective (Sannino and Ippolito, 1956; Urabe, Iwasaki, and Hara, 1955) . The tetracyclines have to be given by mouth with all the disadvantages of microbiogenic effects from bacterial overgrowth. When they are given intramuscularly (Baler, 1956) or intravenously (Dunlop and Robinson, 1954) , the results are unsatisfactory.
Although at one time smaller dosages were considered acceptable, these limits have now been substantially raised and the recommended dosage of the United States Public Health Service is 30 to 40 g. tetracycline over a period of 10 to 15 days (U.S.P.H.S., 1960). This can be given as 0 75 g. (three capsules) four times daily for 10 days (Thomas, 1959) .
Chloramphenicol
This has also been shown to be effective in early syphilis in a similar dosage to that used for the tetracyclines (Romansky, Olansky, Taggart, and Robin, 1949; Mazzini and Blasi, 1953; Romansky, Olansky, Taggart, Landman, and Robin, 1951; Taggart and others, 1952) and results comparable to those obtained with penicillin have been claimed in large series of patients (Taggart and others, 1952) . Intramuscular chloramphenicol has also been used with success by Olansky, Harb, Wood, and Rambo (1953) . Chloramphenicol has not been adopted in preference to other available antibiotics because of its toxic action on bone marrow (Rich, Ritterhoff, and Hoffmann, 1950; Wolman, 1952; Hawkins and Lederer, 1952) .
Erythromycin
Less erythromycin is apparently required than of the tetracyclines. Although a dose of 30 g. given over a period of at least 8 days has been suggested (Montgomery and Knox, 1959a) , cures can be obtained with less (e.g. 10 g. over 10 days) but higher failure rates are obtained with the same amount over a shorter time (Montgomery and Knox, 1959b; Montero, 1956 (Hookings and Graves, 1956) .
Synnematin B has also been used in small numbers of cases of early syphilis (and also of pinta), apparently with success (Wheeler, James, Lea, and Curtis, 1957; Schwimmer and Henderson, 1959) .
Kanamycin and Dextrosulphenidol have both been shown to be effective in rabbit, syphilis, but their toxicity is likely to preclude their general use in man.
Novobiocin (Cathomycin) is ineffective (Edelson, 1957 The prevention of congenital syphilis by the routine serum-testing of pregnant women and the treatment with penicillin of those found to be infected is one of the triumphs of modern medicine. A comparison of the results obtained with penicillin and with other methods is shown in Table XIII , opposite Ingraham, 1951) .
Summary and Conclusions
(1) Some of the literature on the treatment of early syphilis with penicillin is reviewed. Penicillin is the most potent antisyphilitic agent yet discovered.
(2) It is not necessarily the dose or the number of injections which determines the success or failure of penicillin in an individual case of early infectious syphilis. The decisive factor is the duration of treponemicidal penicillinaemia and, whatever the preparation or the number of injections used, such a treponemicidal penicillinaemia should be maintained for at least 7 to 10 days.
(3) Repository preparations-PAM and benzathine penicillin-are best in this regard, since penicillinaemia of adequate duration can be obtained with a single injection, or with a few, depending upon the size of the dose and the spacing of the injections. (7) Many of the so-called treatment "failures" with penicillin were in fact re-infections.
(8) The treatment of contacts, so essential in the mass treatment of the endemic treponematoses, has been shown by W.H.O. surveys to be practised to some extent in cases of venereal syphilis in approximately one-third of the clinics surveyed.
(9) While the toxic dose of penicillin is still far above the therapeutic dose, allergic reactions sometimes occur. These can largely be avoided by not giving penicillin to allergic patients or to those who seem likely to be sensitive to penicillin.
(10) The results of treating syphilis with other antibiotics are reviewed. Although penicillin is the best, the tetracyclines and erythromycin are recommended for patients known or thought to be allergic to penicillin.
(1) On passe en revue une grande partie de la litterature des l'inception du traitement de la syphilis precoce par la penicilline, remede qui reste la plus puissante arme contre cette condition.
(2) Ce n'est ni le volume de la dose ni le nombre des injections qui reussit a guerir un malade particulier. Le facteur decisif est la duree de la penicillinemie trepon& micide, et quel que soit le regime employe, il faut maintenir ce niveau pour au moins 7 a 10 jours.
(3) Les (9) Tandis que la dose toxique de penicilline reste beaucoup plus grande que la dose therapeutique, les reactions allergiques se voient de temps en temps. Ces reactions inattendues n'arriveront pas si l'on ne donne pas de penicilline aux sujets hypersensibles.
(10) On passe en revue les autres antibiotiques qui ont e employes contre la syphilis. La penicilline est la meilleure, mais les tetracyclines, 1'erythromycine, et la carbomycine peuvent etre donnees aux sujets hypersensibles.
